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In the cerebral cortex, cell-fate specification and
migration depend on both extrinsic and intrinsic
regulation, but recent studies raise the possibility that
much of the information needed to generate distinct
cell types and specific migratory patterns is intrinsic to
progenitor cells at early stages of development.
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The cerebral cortex develops from a heterogeneous
population of progenitor cells located in proliferative
regions some distance from their final sites of residence
(Figure 1). The progenitor cells migrate to specific
positions in the cerebral wall by radial or tangential disper-
sion. The generation of cell-type diversity and choice of
migratory pattern have become the focus of much of the
current research on cortical development. Two recent
papers [1,2] address the relative contributions of intrinsic
and environmental regulation of these processes, and
provide evidence that more information may be intrinsic
than was realized previously.
The cerebral cortex contains two major types of neuron,
the excitatory pyramidal cells and inhibitory interneurons,
and three major types of glial cell, the radial glia,
astrocytes and oligodendrocytes. These cells develop at
characteristic times and are produced in ratios that are
tightly regulated. Several strategies are used to produce
cellular diversity in the cortex, including both instructive
and selective mechanisms. Environmental signals play an
important role in all of these processes, and temporal or
spatial patterns of signal availability contribute to the
regulation of cell-type diversity. 
There is also a high degree of heterogeneity among the
cortical progenitor cells themselves, however, and these
differences determine their intrinsic properties and their
responsiveness to environmental signals [3]. For example,
some of the progenitor cells are multipotential, whereas
others are restricted at early stages to generate just one
type of cell. The mechanisms by which diversity among
progenitor cells is achieved are not clear. Both extrinsic
signals and intrinsic programs could be important. Intrin-
sic changes could occur randomly or they could reflect a
regulated segregation of specific molecules during cell
division (Figure 1).
Both symmetric and asymmetric cell divisions have been
observed among cortical progenitor cells. Asymmetric cell
division is associated with the asymmetric distribution of
regulatory molecules in progenitor cells, resulting in dif-
ferential inheritance by daughter cells in both vertebrates
and invertebrates [4]. Whether symmetric and asymmetric
divisions occur in stereotyped patterns in the vertebrate
cortex, as they do in invertebrates, is not clear. Qian et al.
[1] have recently reported evidence for patterns of cell
division in isolated mouse cortical progenitor cells that are
remarkably similar to those observed in the nematode
Caenorhabditis elegans, where developmental patterning is
to a large extent determined by stereotypical asymmetric
cell divisions.
Qian et al. [1] reconstructed the sequences by which
different types of cell are produced from neural progenitor
cells growing in clonal cultures. By continuously monitor-
ing cells over two weeks and subsequently labeling with
cell-type-specific markers, several repeated patterns of cell
division were distinguished. Small clones of neurons were
produced through either symmetric or asymmetric lin-
eages. The cell division patterns seen among larger clones
of neurons appeared to be composites of these smaller
lineage units. In contrast, larger clones containing only glia
were produced through symmetric divisions. Cells were
identified as generic neurons, so it remains to be deter-
mined whether neurons that differ in their transmitter or
laminar phenotype are generated by specific patterns of
cell divisions. The cells characterized in this study were
restricted to generate only neurons or glia, but it had previ-
ously been shown that a population of multipotential pro-
genitor cells is also present in the embryonic cerebral
cortex and can generate both neurons and glia under the
same culture conditions [5].
The findings reported by Qian et al. [1] have several
important implications for the regulation of the size of
specific cell populations, the generation of diversity
among progenitors and their progeny, and the temporal
sequence in which different cells are produced. For
example, symmetric divisions could be used to selectively
expand certain types of cell. In contrast, asymmetric
divisions could be used to generate diversity, directly or
indirectly. Diversity among progenitor cells, as well as
their progeny, could be generated directly by division-
associated segregation of molecular determinants of
phenotypic or proliferative potential. It could also be
generated indirectly by determining when a cell stops
dividing, a time associated with susceptibility to environ-
mental signals that influence fate [6]. Cells that stop
dividing at different times could be exposed to different
environments and consequently adopt distinct fates. The
finding that patterns of cell division are not random
suggests that their deployment by progenitor cells reflects
intrinsic programs that need only a permissive signal, such
as mitogenic concentrations of fibroblast growth factor, to
be played out. It remains to be determined whether pro-
genitor cells manifest similar programs in vivo, and the
extent to which they can be modified by the environment.
Once generated, cortical cells leave proliferative zones and
migrate to specific layers and regions of the cerebral wall
by radial or tangential migration (Figure 1). Their choice
of migration pathway has received extensive attention,
because it relates to a fundamental issue in cortical devel-
opment: when and how are the functionally distinct areas
of the cortex specified [7]. The timing of regional specifi-
cation, before or after cells stop dividing, has implications
for the relative contributions of intrinsic and environ-
mental controls. The early establishment of regional dif-
ferences, when cells are still dividing, could be regulated
by cell-autonomous division programs, as well as extrinsic
signals. In contrast, if regional identity is specified later,
after cells have stopped dividing, a greater dependence on
environmental signals would be expected.
If regional differences are specified early, before cells
depart from proliferative regions, preservation of spatial
relationships among cells by radial migration patterns
would be beneficial. But if regional differences are speci-
fied later, then the preservation of spatial relationships
during migration would be less critical. Although both
tangential and radial dispersion patterns have been noted
for cortical cells, and evidence supporting both early and
late specification of regional identity has been reported
[7], the association of a particular migratory behavior with
specific types of cortical cell or their progenitors has not
been established. A recent study by Tan et al. [2] suggests
that patterns of migration and biases to generate certain
types of neuron are linked and may be specified early, at
the progenitor cell stage.
Tan et al. [2] labeled progenitor cells that contribute to the
cortex by injecting lacZ-expressing embryonic stem cells
into blastocytes to generate chimeras. They selected
highly unbalanced chimeras, containing very few labeled
clones, and determined the ratios of excitatory pyramidal
cells and inhibitory neurons among the progeny, as well as
the migratory patterns of the cells. The two cell types were
identified by their associated neurotransmitter — gluta-
mate and γ-amino-butyric acid (GABA), respectively. Pre-
vious studies have shown that these two types of neuron
can be produced from the same precursor [8], although
normally glutamatergic neurons greatly outnumber
GABAergic neurons in the cortex [2].
Tan et al. [2] distinguished three patterns of labeled cells:
one distributed radially, another scattered among different
layers of the cortex in a tangential plane, and a third con-
taining both radial and scattered cells. Radially-distributed
cells were predominantly glutamatergic, but those with a
scattered distribution included more GABAergic neurons;
both also contained other types of neuron. These findings
imply that a bias for a specific pattern of migration might
be intrinsic to specific types of progenitor cell, or at least
to certain types of their neuronal progeny.
The site of origin of the purely non-radially distributed
cells could not be identified, but it often extended into
underlying striatum. Many of the GABAergic neurons in
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Figure 1
The cerebral cortex develops from a
heterogeneous population of progenitor cells
that divide at the ventricular surface and then
migrate toward the pial surface. They reach
their appropriate destinations by radial and/or
tangential dispersion. Some inhibitory
interneurons in the cortex originate in the
lateral ganglionic eminence (LGE). The
different colours of the progenitor cells
represent different fates; striped progenitor
cells can produce more than one type of
progeny cell. The blue cell is restricted to
producing glia.
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cortex may actually originate from a source outside the
cortex, the lateral ganglionic eminence [9]. At least some of
the scattered neurons may therefore originate not from cor-
tical progenitor cells, but from progenitor cells in the lateral
ganglionic eminence. The clones containing both radial
and scattered cells could be derived from less biased corti-
cal progenitors; the scattered cells in these populations also
tended to be GABAergic. GABAergic neurons would thus
seem to have a greater tendency for tangential dispersion
than glutamatergic neurons. The observations of Tan et al.
[2] indicate that most of the excitatory neurons in the
cortex migrate in a manner that preserves spatial relation-
ships among cells from proliferative regions to the cortical
plate, but that inhibitory neurons do not preserve spatial
relationships during their migration. This could facilitate
the formation of columnar circuits in the cortex. 
What then do cortical progenitor cells know and when do
they know it? Cortical progenitor cells appear to have
intrinsic programs of division patterns at early stages of
development. Whether they also have an intrinsic bias to
generate more glutamatergic than GABAergic neuronal
progeny remains to be determined by environmental
manipulation of progenitors in vivo or in vitro. Some
progenitor cells in the cortex are capable of generating
multiple types of neuron and glial cell. It remains to be
determined whether these multipotential cortical progeni-
tor cells know everything or nothing.
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